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Normal- and oblique-shock flow parameters for air in thermochemical equilibrium
are tabulated as a function of shock angle for altitudes ranging from 15.24 km to 91.44 km
in increments of 7.62 km at selected hypersonic speeds. Post-shock parameters tabu-
lated include flow-deflection angle, velocity, Mach number, compressibility factor, isen-
tropic exponent, viscosity, Reynolds number, entropy difference, and static pressure,
temperature, density, and enthalpy ratios across the shock. A procedure is presented
for obtaining oblique-shock flow properties in equilibrium air on surfaces at various
angles of attack, sweep, and dihedral by use of the two-dimensional tabulations. Plots of
the flow parameters against flow-deflection angle are presented at altitudes of 30.48,
60.96, and 91.44 km for various stream velocities.
in
INTRODUCTION
The advent of the space shuttle has focused attention on the entry of two-dimensional
type lifting bodies into the Earth's atmosphere at moderate to high angles of attack. Even
a preliminary analysis of the inviscid flow field about such vehicles requires knowledge of
flow conditions behind oblique shocks where real-air effects are prevalent.
Over the last two decades, a continual updating of models of the Earth's atmosphere
has occurred. (See refs. 1 to 5.) Reference 4 (1962) is the current standard atmospheric
model with seasonal and latitudinal variations given in reference 5. As shown in figure 1,
substantial errors in ambient temperature and pressure existed in the earlier models,
particularly for the pre-1956 model. (See ref. 1.) Although a number of oblique-shock
flow parameters for air in thermochemical equilibrium are available in the literature
(see, for example, refs. 6 to 8), these parameters are based on pre-1957 atmospheric
models and use the thermodynamic properties of argon-free air (ref. 9) in obtaining post-
shock conditions. Normal-shock solutions based on the 1959 atmospheric model (ref. 3)
are given in reference 10. Large deviations in atmospheric models could result in sub-
stantial differences in corresponding calculated post-shock flow parameters.
Also, heretofore, the only published procedure known to the authors for solving the
attached oblique shock-wave system for surfaces at various angles of attack, sweep, and
dihedral in equilibrium air is given in reference 11. (This procedure applies to any real
gas in equilibrium.) This method employs effective values of the isentropic exponent to
describe the density change across the shock and requires an interpolation procedure with
a Mollier chart for imperfect gases.
The purpose of this report is therefore twofold: first, to present tabulated oblique-
and normal-shock flow parameters based on the most accurate standard atmospheric
model (ref. 4, 1962) and post-shock thermochemical equilibrium air properties (ref. 12)
currently available, and second, to present a simple procedure (appendix A) for obtaining
post attached-shock flow parameters on surfaces at various angles of attack, sweep, and
dihedral using the two-dimensional, equilibrium air, oblique-shock tabulations. The
altitude-velocity range encompassed in the post-shock flow-parameter tabulations is
shown in figure 2 (15.24 km to 91.44 km and 1.828 km/sec to 11.582 km/sec). The appli-
cability for this range is demonstrated by Apollo Earth entry and shuttle orbital entry
trajectories.
SYMBOLS
Symbols enclosed in parenthesis in this list are used in the computer printout.
A,B,C,D velocity projections (no dihedral, appendix A)
AA,BB,CC,DD velocity projections (with dihedral, appendix A)





R gas constant for undissociated air, 287.288 m^/sec^-K
Re(RE/M) unit Reynolds number per meter -
S/R nondimensional entropy
T temperature, K
u velocity normal to shock, km/sec
V total velocity, km/sec
Vn projection of total velocity normal to leading edge, km/sec
v velocity component parallel to shock and normal to leading edge, km/sec
w velocity component parallel to leading edge, km/sec
Z compressibility factor, p/pRT
Z* number of moles of dissociated air to number of moles of undissociated air
2
a angle of attack, deg
y specific heat ratio
y_(GAM) isentropic exponent ( —I
6
 V8 loge PJS/S/R
6(DELTA) flow-deflection angle across shock, deg
6' wedge half-angle (appendix A), deg
e dihedral angle (fig. 7), deg
0(TH) shock angle, deg
9' angle between shock and midplane of wing (appendix A), deg
A sweep angle (fig. 6), deg
M(VIS) viscosity, N-sec/m^
p(RHO) density, kg/m3
a angle between velocity projection normal to leading edge Vn and the mid-
plane of wing (appendix A), deg
Subscripts (Not subscripted in computer printout):
1 condition upstream of shock
2 condition downstream of shock
THERMODYNAMIC PROPERTIES FOR REAL AIR
Thermodynamic properties for real air in thermochemical equilibrium used in
solving for the post-shock conditions at hypersonic speeds were obtained from a magnetic
tape furnished to the Langley Research Center by the Arnold Engineering Development
Center (AEDC) in late 1965. The thermodynamic properties obtained from this tape cor-
respond to the properties tabulated in reference 12 for various values of S/R. The tern-
perature range of reference 12 and of the AEDC tape is 100 K to 15 000 K and the pressure
range is 0.25 Pa to 1 GPa. A description of the properties included on the tape and the
subroutine for searching the tape is given in reference 13. Specific heat data used in cal-
culating the ambient enthalpy and entropy (table I) were obtained from references 14
and 15.
METHOD
Basic Assumptions and Equations
Basic assumptions in the present computational procedure for determining oblique-
shock flow parameters are
(a) Aerodynamics of continuous flow apply
(b) The atmospheric properties (1962) of reference 4 exist in front of the shock
wave
(c) The thermochemical equilibrium air properties of reference 12 exist aft of the
shock wave








vj = v2 (3)
Energy:
h_ v^ _ 1 _ _ / n _ \ 2
(4)
Oblique shock-wave geometry:
ug _ tan (9 - 6)
ul tan 9
(5)
= Vj cos 0.where the notation used is that shown in sketch (a) with uj = Vj sin 0 and





The two-dimensional flow relations (eqs. (1) to (5)) and the AEDC real-air tape
(ref. 13) were incorporated into a computer code (appendix B) employing the following
computational procedure when the stream velocity, shock angle, and atmospheric condi-
tions (table I) are given:
(1) The static pressure and enthalpy behind the shock (p2 and h2) are computed
from equations (2) and (4), respectively, with r{ = 1.40 (used up to an altitude of
91.44 km in ref. 4, and quoted as 1.404 at 99.97 km in ret 10) for an assumed value of
U2/U1 (ideal gas) near the expected correct value.
(2) The AEDC real-air tape (ref. 13) is entered with p2 and h2 to obtain p2.
(3) The stream density PI is divided by the density behind the shock p2 and the
ratio Pi/p2 is compared with'the assumed velocity ratio u2/uj (eq. (1)). If these
ratios are not within 0.0001 (error criteria) of each other, a new value of u2/uj equal
to the just calculated value of Pi/p2 is assumed, and the computational procedure is
reentered at step (1).
(4) This iteration procedure containing steps (1), (2), and (3) is continued until the
point where Pi/P2 = ^ 2/ul (within 0.0001) is reached and gives the solution (final itera-
tion) for P2 and h2 (eqs. (2) and (4)) with which to enter the AEDC real-air tape. The
post -shock thermodynamic properties T2, Z2, a2, S2/R, and ye 2 along with p2
are obtained from the tape.
(5) The post-shock velocity and Mach number are calculated as
M2 = (7)
(6) The post-shock coefficient of viscosity is obtained from a table prepared as a
function of p2 and T2 from reference 16 for T i 1500 K. For temperatures less
than 1500 K, an expression for viscosity from Hansen (ref. 17) is used.
M . d.462 X lO^jJj— (8)
(7) The post-shock unit Reynolds number per meter is calculated.
RESULTS AND DISCUSSION
The normal- and oblique-shock flow parameters for air in thermochemical equilib-
rium obtained with the previously described procedure have been tabulated as a function
of shock angle for altitudes ranging from 15.24 km to 91.44 km and hypersonic velocities
ranging from 1.83 km/sec to 11.58 km/sec. The altitudes and velocities at which the
post-shock flow parameters are given are presented in table II. The tabulated parameters
are presented in tables HI to XIII. For a given set of free -stream conditions (altitude
and velocity), the shock angle 0 in tables in to XIII is increased from the limiting mini-
mum wave angle (Mach angle, 9 = sin~* 1/M) to the nearest increment of 5° and then
increased to 90° (normal shock) in 5° increments. Since the flow is isentropic across a
Mach line (indefinitely weak shock), conditions behind the wave are equal to those of the
free stream. In tables HI to XTII, for the shock angle equal to the Mach angle (first entry
in first column for each stream condition), the deviation of the flow parameters from the
free -stream values (entropy rise from zero, static property ratios from one, etc.) is due
to the fact that the speed of sound at free -stream static conditions obtained from the ther-
modynamic tape (AEDC, ref. 12) is smaller by as much as 0.7 percent than that obtained
from reference 4 (1962 atmosphere). Thus the Mach angle calculated with the Mach num--
ber based on the higher speed of sound (ref. 4) is larger than that which would have been
obtained had the Mach number been based on the speed of sound from the thermodynamic
tape. Therefore, insofar as the thermodynamic tape is concerned, the minimum angle
used in tables ni to XIII (based on the speed of sound from ref. 4) is slightly higher than
the Mach angle. The previous discussion applies only to the first row in table in since
the shock angle 9 was set and used as input (not calculated) for the remaining rows.
Variations of the oblique-shock flow parameters given as a function of flow deflec-
tion angle are shown in figures 3, 4, and 5 for altitudes of 30.48, 60.96, and 91.44 km,
respectively. The deflection angle at which shock detachment occurs on a wedge is the
maximum deflection angle occurring for a given altitude and velocity. (See figs. 3(a),
4(a), and 5(a).) This angle can be approximated from the tabulations of 6 against 6
(tables III to XHI) simply by selecting the largest 6 recorded for a given set of stream
conditions. The deflection angle at which shock detachment occurs increases with
increasing altitude and velocity.
An interesting phenomena that is illustrated in figure 5(Z) is that at high flight veloc-
ities, the shock density ratio P^/P\ may be lower for detached shock (including normal)
than for an attached oblique shock. The fact that the density ratio may decrease with
increasing normal velocity is well understood and documented (for example, see ref. 18);
however, the altitude-velocity range of occurrence is worthy of note. Examination of
tables HI to XIH from an altitude of 60.96 km to 91.44 km indicates that flight velocities
must reach between 8.53 km/sec and 9.14 km/sec before certain attached oblique-shock
density ratios exceed those for all detached shocks.
The maximum error found in shock parameters calculated by use of recognized
post-1955 atmospheric models compared with the present calculations based on the 1962
model was 6 percent. This error was in the static-pressure ratio (ref. 8) for an altitude
of 91.44 km at a velocity of 7.925 km/sec and for a flow deflection of 58°. At 91.44 km,
the error in the pressure ratio was 4 percent for a velocity of 4.877 km/sec and a flow
deflection angle of 55°. As expected, comparison of the presented shock flow parameters
to similar results based on pre-1956 atmospheric models revealed large differences.
For example, the normal-shock pressure ratio given in reference 7 is in error by roughly
40 percent for an altitude of 60.96 km at a velocity of 6.096 km/sec. At this same altitude
at a velocity of 7.925 km/sec, the static temperature ratio across the shock (ref. 7) is in
error by 36 percent for a flow deflection of 60° and by 34 percent for a flow deflection of
50°.
CONCLUDING REMARKS
Normal- and oblique-shock flow parameters for air in thermochemical equilibrium
are tabulated as a function of shock angle for a range of altitudes from 15.24 km to
91.44 km in increments of 7.62 km and for a range of hypersonic velocities from
1.83 km/sec to 11.58 km/sec. A simple procedure is presented for obtaining attached
oblique-shock flow parameters in equilibrium air on surfaces at various angles of attack,
sweep, and dihedral by use of the two-dimensional tabulations. Plots of the oblique-shock
parameters are given as a function of flow-deflect ion angle for altitudes of 30.48, 60.96,
and 91.44 km to illustrate the type of variations involved.
Shock parameters calculated by use of post-1955 atmospheric models were found
to be in error by as much as 6 percent when compared with the present results. Com-
parison of the present shock flow parameters to similar results based on pre-1955
atmospheric models revealed large differences.
Langley Research Center




PROCEDURE FOR OBTAINING OBLIQUE-SHOCK FLOW PARAMETERS
FOR SURFACES AT VARIOUS ANGLES OF ATTACK, SWEEP,
AND DIHEDRAL IN EQUILIBRIUM AIR
A procedure is presented herein for obtaining oblique-shock flow parameters at
hypersonic speeds for surfaces at various angles of attack, sweep, and dihedral in equilib-
rium air by using the two-dimensional oblique-shock flow parameters presented in
tables HI to Xin. Since the component of velocity perpendicular to the shock is the only
component that changes across a shock and thus the only velocity component that influ-
ences the ratios of the static properties across the shock (eqs. (1) to (4)), the task is to
find the resultant component of velocity in the plane perpendicular to the leading edge of
the aerodynamic surface of interest with which to enter tables III to XIII in order to cal-
culate the correct resultant post-shock velocity.
Angle of Attack and Sweep
To simplify the explanation, a wing with angle of attack and sweep (omitting dihedral)
is considered first. The object is to resolve the stream velocity into (1) a vector wj
parallel to the wing leading edge which does not change across an attached shock and thus
does not influence the static properties behind the shock and (2) a vector Vn j that lies
in a plane perpendicular to the leading edge with which to enter tables HI to XIII. This
can be accomplished by first resolving the stream-velocity vector into three components
(see fig. 6): (a) normal to leading edge and lying in the wing plane, Vj cos a cos A,
(b) normal to wing plane and thus normal to leading edge regardless of sweep, Vj sin a,
and (c) parallel to wing leading edge, w^ = Vj cos a sin A. The sum of vectors (a) and
(b) is the vector (Vn,l) to be used to enter table III (component of free-stream velocity in
the plane perpendicular to the wing leading edge, see fig. 6)
Vn i = V^ysin2 a + cos2 a cos2 A = V^y! - c°s2 a sin2 A (A1)
Now add a deflection angle, insert a shock, and project these components parallel and
normal to the shock. Since the component parallel to the leading edge is parallel to the
shock regardless of the shock angle, it will remain wj = W2 = Vj cos a sin A. This
equality means that the remaining projections are two-dimensional and will be in the
plane of the triangle containing Vn j in figure 6. For velocity projection relative to




The vector projections (normal and parallel to shock) in this sketch are defined in terms
of the free-stream velocity Vj, the angle of attack a, the sweep angle A, and the shock
angle relative to the wing plane 8':
A = Y cos a cos A sin 0'
B = Vj sin a cos 9'
C = Vj_ cos a cos A cos 0'






= A + B = Vj(cos a cos A sin 0' + sin a cos 0)






w i (unchanged) = Vj(cos a sin A) - ~ (A8)
with
9' = 9 - a (A9)
a
 = t a n - l L « . (A10)\cos Ay
6 = a + 6' (All)
The two-dimensional oblique-shock problem illustrated in sketch (b) is solved with the
information presented in tables m to XIII. To obtain the post -attached shock solution for
a surface at angle of attack and sweep, enter tables III to XIII at the altitude of interest
and at the velocity Vn j. The oblique -shock parameters in the row corresponding to
6 = a + 9' will be those for the surface at the designated angle of attack and sweep. All
parameters in the designated row will be correct except those that contain the resultant
velocity (¥2, M2, and Re,0) which may be obtained in the following manner:
U2
 = tan (9 - 6)
ui tan 9
Since 6 and 6 are now known, calculate the normal velocity ratio
«2 = SI "1 <A13)
Now V2 = vj and W2 = wj; therefore
with
where
V - a + V2 + ,, . .., . ' + + wi (A14)
V tan'2 9








m M2 ( ' •."
'• -3
"1An illustrative example is presented with the conditions: "^





To find attached oblique-shock parameters, calculate
Vn i = 6.705 km/sec (From eq. (Al))
a = 39.519° (From eq. (AID))
6 = 48.882° (From eq. (All))
Enter table DC(f) for an altitude of 60.960 km and a velocity of 6.705 km/sec. Select the
oblique-shock parameters corresponding to the row containing 6 = 48.889° (9 = 55°,
etc.). All parameters are correct except those that contain the resultant velocity
(V2, M2, and Re 2/m) which are obtained in the following manner:
0' = 15.481° (From eq. (A9))
uj = 5.493 km/sec (From eq. (A6))
u2/Ul = 0.07496 (From eq. (A12))
u2 = 0.412 km/sec (From eq. (A13))
V2 = vl = 3-846 km/sec (From eq. (A7))
w2 = wj = 5.279 km/sec (From eq. (A8))
V2 = 6.545 km/sec (From eq. (A14))
12
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a2 = 1.536 km/sec (From eq. (A16))
M2 = 4.260 (From eq. (A15))
R o/m = 1.084 x 105 (From eq. (A17) and table IX(f))
e,£/
Angle of Attack, Sweep, and Dihedral
Again, the object is to resolve the stream velocity into (1) a vector wj parallel to
the wing leading edge which does not change across the shock and (2) a vector Vn j that
lies in a plane perpendicular to the leading edge with which to enter tables III to XIII. As
before, this may be accomplished by first resolving the stream velocity vector into three
components (see fig. 7):
(a) Normal to the leading edge and lying in the wing plane,
V](cos a cos A - sin a sin e sin A)
(b) Normal to wing plane and thus normal to leading edge, Vj sin a cos e
(c) Parallel to wing leading edge, w^ = Vj(cos a sin A + sin a sin e cos A)
Note that in adding dihedral to a wing with angle of attack and sweep (that is, going
from fig. 6 to fig. 7), the velocity projections in the x,y plane (angle of attack) and in
the plane of the wing (sweep) remain unchanged; only the angle between these two triangles
changes with increasing dihedral (90 - e). Since dihedral reduces the angle (from 90°)
between the angle of attack (x,y) and sweep planes (plane of wing), this condition means
that Vj sin a (fig. 6) is no longer perpendicular to the wing plane. Resolve Vj sin a
into a vector perpendicular to the wing plane V\ sin a cos e, and parallel to the wing
plane Vj sin a sin e. The plane of the triangles formed by these components is parallel
to the Z-axis. (See fig. 7.) Since Vj sin a sin e lies in the wing plane and is parallel
to the (y,z) plane, it must have projections parallel and normal to the wing leading edge
with respect to the sweep angle (Vj sin a sin e cos A and -Vj sin a sin e sin A, respec-
tively). These components must be respectively added to the projection parallel and nor-
mal to the leading edge for no dihedral (fig. 6) to include dihedral effects.
The total component of velocity normal to the leading edge Vn j to be used to enter
tables HI to XIII is given by the vector sum of the component normal to the leading edge
and lying in the wing plane and the component normal to the wing plane:
Vn 1 = viVsin2 a cos2 e + cos2 a cos2 A + sin2 a sin2 e sin2 A - 2 cos a cos A sin a sin e sin A (A18)
13
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Entering tables III to XIII with this component of velocity will give the correct static
conditions behind the shock. However, to obtain the resultant velocity and parameters
that pertain thereto, the velocities normal and parallel to the shock must be found. Add
a deflection angle, insert a shock, and project velocity components parallel and normal to
the shock. Since the component parallel to the leading edge is parallel to the shock
regardless of the shock angle, it will remain w^ = Vj cos a sin A. This means that the
remaining projections are two-dimensional and will be in the plane normal to the leading
edge. For velocity projection relative to shock in the plane normal to leading edge and
perpendicular to wing plane, see sketch (c):
Shock
Sketch (c)
The vector projections (normal and parallel to shock) in this sketch are defined in terms
of free-stream velocity Vj, the angle of attack a, the sweep angle A, the dihedral
angle e, and the shock angle relative to the wing plane 0'.
AA = Vj(cos a cos A - sin a sin e sin A) sin 0' (A19)
BB = V"i(sin a cos e) cos 0' (A20)
14
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CC = Vj(cos a cos A - sin a sin e sin A) cos 9' (A21)
DD = Vifein a cos e) sin 0' (A22)
Now
uj = AA + BB = V^(cos a cos A sin 0' - sin a sin e sin A sin 0' + sin a cos e cos 0')
(A23)
Vj = CC - DD = Vj(cos a cos A cos 0' - sin a sin e sin A cos 0' - sin a cos e sin 0')
(A24)
and
wi (unchanged) = VI(CQS a sin A + sin a sin e cos A) (A25)
with
0' =0 - a (A26)
a = c o t - 1 0 * 8 A - tan e sin A) (A27)
6 = a + 6' (A28)
Again, the solution to the two-dimensional oblique -shock problem illustrated in sketch (c)
can be obtained with the results of tables HI to XIII. To obtain a post-attached-shock
solution for a surface at angle of attack, sweep, and dihedral, enter tables m to Xin at
the altitude of interest and at the velocity Vn j. The oblique -shock parameters in the
row corresponding to 6 = a = 0' are those for the surface at the designated angle of
attack, sweep, and dihedral. All parameters in the designated row are correct except
those that contain the resultant velocity (V"2, M2, and Re 2/m) which may be obtained
in the same manner as presented in the previous section for no dihedral, that is,
u2 _ tan (0 - 5)
u^[ " tan 9 ' etC'
An example of this case is presented with the following conditions:
Altitude, km ................... 60.960
Velocity, km/sec ................ 8.534
15
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a, deg ........................ 25
A, deg ........................ 45
e, deg ............... ........ 11.5
6', deg ................ ...... 12.88
To find attached oblique -shock parameters, calculate






Enter table K(e) for an altitude of 60.960 km and a velocity of 6.096 km/sec. Select
the oblique-shock parameters corresponding to the row containing 6 = 48.345
(6 - 55°, etc.). All parameters are correct except those that contain the resultant
velocity (Vo, Mg, and R 2/m) which are obtained in the following manner:
0' = 19.532°
uj = 4.9893 km/sec
U2/U! = 0.0817
u2 = 0.407 km/sec
v2 = vj_ = 3.973 km/sec
W2 = wl = 5-977 km/sec
V2 = 7.1888 km/sec
a9 = 1.457 km/sec
M2 = 4.935










(From eq. (A17) and table IX(e))
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OBLIQUE-SHOCK COMPUTER CODE FOR AIR IN CHEMICAL EQUILIBRIUM
The oblique -shock computer code calculates the static flow properties behind
oblique shocks in equilibrium air at hypersonic speeds. This code is assembled accord-
ing to the calculation procedure described in the section "Method" of this report. The
program input, output, and listing are as follows:
Program Input
FORTRAN IV NAMELIST with the name CASE is used to load input data. The fol-


























integer designation of input into search
















































pressure ratio across shock
density ratio across shock
temperature ratio across shock




V2 Vo post -shock velocity
R2OL unit Reynolds number, I/ft
VISLBFS Mo post-shock viscosity, Ibm/ft-sec
V2V1 Vo/Vi velocity ratio across shock
Program Listing
PROGRAM SQUDERS ( I NPUT . OUTPUT . TAPE5= I NPUT . T APE6=OUTPUT , T APE8 )
D I MENS I ON P ( 25 ) . RHO < 25 ) t H 1 ( 25 ) . SOR ( 25 ) . T 1 ( 25 ) . A 1 ( 25 ) « Z 1 ( 25 ) •
DIMENSION GAM (25),
DIMENSION B<20.60> •
REAL Ml .Ml S I NTH.M2 i
NAMELIST/CASE/ALT.VEL.VC.P1 .GAME1 .RHO1 . H 1 . SR 1 «K ,U2U1 , T 1





BP1 =P1 * 101325. .
BRHO1 =RH01*1 6.0 18463 .
BT1=T1/1 .8 ,
BM1=VEL/VC «
BH1=H1 *( 1054. 35/. 45359) .
WRITE (6.600 >BA(_T,BVE(_.BP1 ,BRH01 . BT I . SRI , BM1 .BH 1 ,
600 FORMAT(2X,*ALT =*E 1 6 .8/2X . * VEL =*E 1 6.8/2X .*P1 =*E 1 6.8X2X . *RH01 =*E




THMIN=ASIN( 1 .0/M1 )*57. 2957795 130823 .
TH=THMIN .
DO 1 O NN=1 .20 i






20 P2= tGAMEl *MI *#2*S IN ( TH ) **2* ( I .0-U2U1 )-l-1.0)*Pl
H2= ( <GAME 1-1 .0 )/2.0*Ml*»2*SIN(TH)*»2* (1.0- (U2U1 ) **2 )+ 1 .0 ) *H1
P=P2*1 .01325E+05
H=H2*2.3244444E+03
CALL SEARCH(P,RHO,H,SR.T,A.Z»GAM1 , ZS1 » ISP.K )
RHO2=RHOxl6.01 8463*2














































B(NN. 13 )=RHO2f?01 .








50 FORMAT(1 HI,///////* TH DELTA V2/VI M
12 Z2 GAM2 VIS*) .







52 FORMAT(* TH P2XP1 T2/T1 H2/H1 DE
1L S/R RE2/M RH02/RO1*) .
DO 35 NN=1.NT ,
PRINT 34,B(MN.1 ), (3(NN. I ). I=8.13 ) <
35 CONTINUE .







(LISTED IN APPENDIX .D OF REFERENCE .13) . - - -
SUBROUTINE INTRP (N,X,Y,XINT,YINT)
(LISTED IN APPENDIX D OF REFERENCE 13)
SUBROUTINE V ISC(T«P.V IS).
DIMENSION TAPY(4)«TABTY(13).TABNUY(52)«
C
C TABLE OF VISCOSITY FROM YDS(AVCO RAD-TM-63-7)
C
DATA TAPY/ 1•01325E+5«3.03975E+5•1.01325E+6»3.03975E+6/«
DATA TABTY/ 1 COO.,200O..3000.,4000..50OO.,6000..7000.,8000•««
C 9000.,1000O.,12000..14OOO.«160OO./.
DATA TABNUY/ .418E-4, .648E-4. .858E-4<1.08E-4.1.30E-4.1•54E-4..
Cl«86E-4«2.2lE-4«2.46E-4«2.63E-4.2.63E-4,1.77E-4..96E-4, .41BE-4.«
C .648E-4. .857E-4.1 .07E-4.1 .30E-4.1 .52E-4.1.80E-4.2.14E-4,2.45E-4. .
C2.66E-4,2.85E-4,2.34E-4.1.53E-4. .418E-4. .648E-4. .857E-4..
CI.07E-4,1.30E-4.1.51E-4.1.76E-4.2.C6E-4,2.4E-4,2.67E-4.3.OOE-4.
C2.82E-4.2.24E-4. .418E-4. .648E-4. .856E-4,1.06E-4«1.27E-4••
CI.50E-4.1.73E-4.2.0OE-4.2.32E-4.2.63E-4.3.06E-4.3.1OE-4.2.66E-4/.
IF(T .LE. 1500.) GO TO 1.
CALL CI SCOT(T.P.TABTY.TABNUY.TAPY.11 .52,4,VIS).
GO TO 2.
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TABLE III.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 15.24 km
. [p1 - 11664 Pa; PI = 0.18756 kg/m3; Tt = 216.650 K;
Sj/R = 24.943; hj = 216.837 kJ/kg]
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TABLE III. - Continued
(b) Velocity, 2.4384 km/sec; Mj_ = 8.2638
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TABLE III. - Continued


























































































































































































































































































































































































































































































































































































































































































































































TABLE IV.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 22.86 km
(p1 - 3542.7 Pa; pl = 0.056 244 kg/m3; Tt = 219.428 K;
Si/R = 26.180; ht = 219.622 kJ/kg]












































































































































































































































































TABLE IV. - Continued
(b) Velocity, 2.4384 km/sec; M^ = 8.2114
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TABLE V.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 30.48 km
= 1143 Pa; p^ = 0.017 101 kg/m3; Tj = 226.984 K;
Siy/R = 27.454; hj - 227.199 kJ/kg)












































































































































































































































































TABLE V. - Continued
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TABLE V. - Continued
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TABLE V. - Continued


























































































































































































































































































TABLE V. - Concluded
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TABLE VI.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 38.10 km
[p1 = 371.98 Pa; pl = 0.005 287 1 kg/m3; TI = 245.094 K;
S1/R = 28.820; hj = 245.363 kJ/kg]
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(b) Velocity, 2.4384 km/sec; = 7.7695
TH
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TABLE VI. - Continued
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TABLE VI. - Continued
(e);Velocity, 4.2672 km/sec;- Mj = 13.597
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TABLE VII.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 45.72 km
= 136.07 Pa; pl =' 0.001 781 1 kg/m3; "TJ_ = 266.152 K;
S1/R = 30.114; hj = 266.501 kJ/kg]
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TABLE Vn. - Continued
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TABLE Vn. - Concluded
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TABLE Vm.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 53.34 km
= 52.671 Pa; pl = 0.000 682 47 kg/m3; Tj = 268.858 K;
Sj/R = 31.098; hj '= 269.216 kj/kg]




























































































































































































































































































































































































































































































































































(c) Velocity, 3.6576 km/sec; = 11.127
TH
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A . 3 3 C 4 F f 0 1
2ol635F-10
(f) Velocity,
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TABLE EX.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
EN EQUILIBRIUM AER FOR AN ALTITUDE OF 60.96 km
= 19.796 Pa; pl = 0.000 271 63 kg/m3; TI = 253.888 K;
SX/R = 31.876; ht = 254.198 kJ/k|
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TABLE DC. - Continued
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.18426+01
. 1957E + 01
.19966+01
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TABLE DC. - Continued
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" 6 • 88 9^F t- OC






























































































TABLE IX. - Continued






















































































































































































































































































































































































































































































































































































(j) Velocity, 9.144 km/sec; M1 = 28.626
TH
2.0019E*00
5. O O O O E v O O
l . O O O O E + 0 1
1. 5000E*01
2.0000E*01













9. 00006 + 01
D E L T A
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5.0 1696 +0 1
5. 4 2976 + 01
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P 2 / P 1
1 .04676+00







4.415 1E + 02
5.3715E+02
















1.85356 + 01 '
2.07386+01 '

























































2.5813E + 05 1. 1283E + 01
1.98886+05 1.14206+01
1.90646 + 05 1.27816 + 01
1.84636+05 1.41446 + 01





7.62456 + 04 .75846 + 01
5.47626+04 .7424E+01
3.5571E + 04 .71906 + 01
1.96326+04 .69986+01
1.0914E + 04 .69296 + 01
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TABLE IX. - Concluded
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TABLE X.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 68.58 km
[p1 = 6.8336 Pa; pl = 0.000 105 68 kg/m3; TI = 225.258 K;
Sj/R = 32.522; h1 = 225.463 kJ/kg]
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TABLE X. - Continued
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G A M 2
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1139686*00
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TABLE X. - Continued


























































































































































































































































































TABLE X. - Continued


























































































































































































































































































TABLE X. - Continued
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1. 3 7 2 6 E + 0 3
1.38306*03
T 2 / T 1
1.0130E+00
2.^605E+00
6. 5 b 2 7 E + 0 0
1.0790EV01
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3 . 0 2 7 5 E + 0 1
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TABLE X. - Continued
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TABLE XI.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 76.20 km
= 2.0340 Pa; pl = 0.000 036 250 kg/m3; Tj = 195.461 K;
Sj/R = 33.238; hj = 195.588 kJ/kg]



























































































































































































































l . l l l 76*00
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TABLE XI. - Continued
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(d) Velocity, 7.9248 km/sec; MI = 28.276
TH
























































































































































































































































































TABLE XI. - Continued














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE XI. - Continued
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TABLE XI. - Concluded






































































































































































































3 . 6 8 4 7 E * O l
3 .7292E*01
3.7441E*01

















































































TABLE Xn.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 83.82 km
= 0.51263 Pa; pj = 0.000 009 885 kg/m3; Tj = 180.650 K;
S^R = 34.341; hj = 180.736 kJ/kg]
















































































































































































































1. 1855E + 00
1.1719E+00
1. 1169E + 00
1.1071E+00
1. 1048E + 00
1.1046E+00















6. 6127E + 03
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TABLE XII. - Continued
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TABLE XH. - Continued





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE Xm.- OBLIQUE- AND NORMAL-SHOCK FLOW PARAMETERS
IN EQUILIBRIUM AIR FOR AN ALTITUDE OF 91.44 km
|p1 = 0.12654 Pa; PI = 0.000 002 385 kg/m3; Tj = 184.944 K;
= 35.822; hj = 185.041J
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TABLE Xni. - Continued






































8. C CODE tO 1
8. 5COOE tOl
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Figure 4. - Continued.
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Figure 5.- Oblique -shock parameters for an altitude of 91.44 km.
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